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SUMlL4RY

This report deals principallywith the results of” -
tension tests on sixteenmetals and alloys, mo6t of which
are employedextensivelyin aircraftconstruction. The -.

L tension characteristicsare discussedfor static condi- –
tions and rates of deformationup to about 150 feet per .

4-
second. =~.—— -—

The equipmentand procedureemployedin these tes3”G -——
are described. Velocitiesare obtainedby tieans--bfa ‘--
heavy rotatingdisk. The forces acting during inpac’ksib” -
determinedby means of a strain-sensitiveresistancedynti-- ~
mometer and arerecorded with a cathode-rayoscillograph.

—.

Tlieeffective.constantvelocity of the rotatingdisk per- ‘“
mits the-development’of stress-straindiagrams- ,-‘. —— .—--..——

.
- As a’result of these tests, it has been shown-~hat

i)owmetalM and 18-percentchro~i~n - 8-percentnickel —

stainlesssteelare adverselyaffecte&%y an increasing
---. .

rate of “deformation.The other materialstested exhibit
changes o-fyield stress,”ultimate strength,and other ten-
sile properties,, ‘ + -. __ -..”__

— .-—
An investigationof the effect of decreasingthe gage

length of specimensbelow 1 inch,is reported. The resu~ts
indicatethatthere is no major effectuntil the rati-oof
gage length to diameteris reduced to:qnity. <
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I. STATXMENTOF”THE’PROELEM”

In R strict sonso, impact tqsttigrefers to a study
o.fthe behaviorof materialsunder the applicationof a
suddenlyapplied load, or to a study of the rapid deforma-
tion of mateti~als.H&reto:fo~e, the term ‘Iimpacttesting”
has been most closelyassociatedwith those tests in which
a notched speclme’nin bendingwas used: This, however,is
more properly referredt-oas notched %ar testing. There
are, in general,three types ofiimpact tests; that is,
notchedtar testing,torsionimpact testing,and tension
impact testing.

The notchedbar tests have been found to be ueeful in
the study of the susceptibilityof materialsto embrittle=.
ment by the presence of a notch. At the present time, it
has hoen employedin a qualitativemanner since it has not
been possible to correlatethe results in a quantitative
manner with other” test~-orexperience.

.—

t,

—
— ——

-

Torsion testinghas.been use51mostwidely
vestigati.on.of tool steels. Here, again; this
not lend itselfto quantitativeanalysiswti.ich
rectly applied to currentpracti.css.

for the in- ___?—i
teBt does
can ke di-

The tension impact test involves”theapplicationof a
load to a specimen-suchthat it Is pulled apart in ten-
sion. Many of the significantmech~icd propertiesof a ‘ .

_

materialare expressedin t-ermsof the tQnsileand shear
propertiesobtainedfrom a te”nsiontest. In view of theso ~
circumstances,i.tmay be logicaz to I?eliovothat more”fun-
damentalinf~rmationpertainingto the behaviorof ongi- . ...“=
neeri.nsmaterialsunder differentrates of d.eform~tion .-
can be obtainedby tansionimpact t~sting. H’owovir,it i8

..—

of little avail to judgetho influencoof the rato of-de-
formationand tho proportionof materialfrom the valuo of’
th.cKutal amount of energy requiredto produco failuroat
a given rato of deformation. Tho probLem is,t-hen,to de-
vise somo means by which the stress-straincharacteristics
of.any m’atorialmny bo recordodfar difi.crcjntra.iiosof de-
formationand to in+estigato”tho stress-s$,rain..charactor-
istics of sevcrnldifforont materialsmtidif.forcm$:,’r~t”os
o.fdeformation.

Many structuralparts aro subjectto ~ high r~to Of
strainand their perforrmncounder theso conditionsmay bo
quite difforontfrom thoseunder static conditions. Thoro- ‘

,
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h
ford , it is desirable to have sone nethod of testing%:?
which the influenceof rake of deformationon pro,perti,os

+ of these naterialsilay be determinedprior to their appli-
cation in a working strudure. It was, therefore,tho
purpose of this investigation.todeterninethe in~luofica
of rates of dofornationon tho tensilepropertiesof sone “-
aircraftmetals and alloys and some other common engineer-
ing metals and alloys. This report will describethe
Oquipmont,testingprocodure,and tho results of this in-._ _ ._.._
vostigation,

●

d

Tho report covers tho effect of impact Velo-cityon
specimenssubjectto simpletension. The major poit~~n
ofkho results is givan for l-inch-gagelength sp~ci~ens,
althoughthe offoct of smallosgago lengths on tho-dynanio
tonsilo characteristicsfor ono materialis include-d.Tho
offoct of othorvariables or a combinationof variables,
such as notches of differentforms, tomporaturo,and co-m-”
binod stro”3sestaken ‘cogcthorwith impactvelocity,is
prcbablyhighly significantin practicnl~pplications.
The data given in this report should not be USOd as a ha- -
sis for tho adoption or exclusionof m~torialsf6i-s.pplic.a-
tion in parts eubjoctto dyziamiclending. ..—___

11. EQUIPMENT

A. IMPACTMACHIN3

\ Ono of the most satiisfn.ctoryzmthods of obtaini~ghigh
impact velocity is by the uso of a rotating disk, which caa
bc nado to possoss sufficientenergy so that tho Atiountdf
onorgy absorbod in breakinga specimenis extromel~SEW1l
comparodwith tho onorgy of tho disk. In PIOW Ofm;is ro-
quironcnt,a 750-horsopowcrhydrnulicinpulso turbinawith
an oxci.tcrgeneratorwas obt.ainodon loan from-tho Sotithtirn
CaliforniaEdison Company. Tho wn.tor-whoolbucksts wora
romovcd and tho nachino with suitm.-oleelectricwiring for
operation,either as a variable speed motor or qenerator,
was installedin a pit below the floor letiel. (See f“iq.1,)-—

The disk A has e’dianeter of 44 inches, turns ~n a
horizontalshaft and, togetherwith shaft and rotor, weighs
~.pyroxi~at~ly2000 younds. Suitable striking jaws B and
counterweight C are connectedfirnly to the yeriphery of
the wheel as shown in figures1 and 2.

--—

—
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—
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The nornal operating’”speedof this ~achlno $Q 750 rpn
with a ‘correspondingperi.phe’r”alvoloe’ityof 150 foot por
second. “With-amachine of’this typo, a roasonab.le.o?”or-
speed“forshort intervalsis perni”ssibleand Iapact veloc-
itiesas high’as 200 or, gosslbl~;25G feet per secondcay
be ‘obtdih@d.Due to the inertia””ofthe rotntingnass, and

,.. %’ec”aus”e’of the relativelysaall anount of energyrequlr.od
to’’rupturethe specinensin tension iapaet,,the v~locity
of thd“.whee-lis eff%mtivolyconstnntduring“fractu’roat
any oporatingspeed.

Electricalconnectionsto tho rmchinoare ~.rrnngodso
that tho disk can %6”,stoppcdfro~ F@y oporatiqgspeedwitk-
in ‘~CISOCOndSby o“j?ora”ting,the fiachino.aS a“g~norat.ornnd
dissipatlngt”hoelectricalonargy,thkou@ .a.suita.ble*o-
sistance@ The oporationof the uachi.neis controlledfron
the p~nez ‘shownat D’ in fi@ro 3.

Tfio’forco-nonsuringunit or dynano~otor(E in fig, 4),
into which the specizenscrews, is firalyanohoredat the
end of a 715-poundanvil 1? r.lachinedfro~ia 9- by 9-”by

‘“43-inch%illet of steel, shown in figures2 aEd 4. ThiS
anvil is bolted rigidly to a base ‘(G,fig. 4) which slidQs
horizontallyon ff.nisnedways under tho action of a gear
crank and rack shown.at E in figures 2 and 4. Thus,
for tho purposo of repl~cingspeciGens,tho specinenholdor
iS novod back fro;iits ~xsualoperatingpositiontangent to
tho under side of the’disk$as shown in figura 5. Ono ond
of the spocinonscrews into tho ond of the holdor, shown
<at L in fibgros5 and 6, nnd on th? o%hor end of the
sptiei!oon”i’sscrdwoda tup-(M in figs’.5 Rnd 8) consisting -
of a piece of”st”eel1 inch squarennd l/2.inchthick. qhe
speciilen”isheld firmly in the horizontalposition,tangent
“tothe un~br edge of the wheel in such a Ga~ner that the
. jtiwsof the’”d~~kunder nornal rot”at’ionclear ~he-ipecifien-““-
and “tupby a s~-la’l~auount. (Gee fig. 6.). .

After bringingthe wheel up t.~any desired speed,S.S
shotinby the speed indicator,at N on tho controlpnnal
(fig. 3), a *riggernechagisr~is,.opera”t~.d’by”aSOlenO~~
(O in fig.:7) synchronizedwith the disk rotation. -
stantanooustrippingof the trigger j.snccQ.nplishedby n
thyrntronoircui%. This trigger.P roloasosa torsionr.1
springwhiuh raisQG a flat.yoko“(~,-f-igs.4 ~nd 6) bohlnd
tho tup into t@g path.of‘t-hostrikingJaws. This yOkG on-
gages.both the.tupnnd strikingjaws, after which tho
spo-cinonis pulled off in tonsi”on.one.ond of tho SPQci-

..—; ..-. —
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men,:togetherwith tup and yoke,‘fliesoff tangent to the
.. wheel and is depositedin a oontainerfull of cottonwaste

at R (fig. 7). —..

B. DYNAMOMETER

The force-measuringdevice or dynamometer,shown at E
in figures4 and 5, consi”stsof a hollow cylindricalbar of
S.ld4130 steel 15/16 inch in outer diameterand 7/8 inch
over-alllength. It is threadedinternallyat the open end.
with 20 threadsper inch into which one end of the specimen
is screwed. The other end of the dynamometerfastensrigid-
ly into the anvil F. The strain-gagewinding is laid lon-
gitudinallyalong the outer surface of this “cylindertifia
consistsof approximately30 feet of number 40 constantan
wire formed into a mat in zigzag fashion,coated~ith
glyptal as an insulatingbinder, and baked at 350 F. ~or
purposes of protection,the wire is -coveredwith scotch
tape as shown at s (fig. 6). The tionstantan”‘wiiidingis
referredto as the pickup resisto~. —

●

The leads fr”omthis piokup are connectedto the elec-
trical circuit shown in.figutie9. This circuit consists

4 of a 14.O-volt~3at’t.cry,a seriesresi,a.torplaced in series
tiiththe pickup$ and n c“~lil)rat.ion resistor for purp-mses
of calibratingthe force me”asuremontsof t-ho-dynamomotor
as discussedlater. .The resis.t%ncoof the series resistor
is mad~ very high cozapared,to-av. change in ‘thepic@p re-
sistor during impact, so that a cons$arit.currontof ap-
proximately100 milliamperes.is maititainedin the clr”cuit

——

---

●

..
When the tension impact forco acts on the spot-~me”n,

it is transmittedthroughthe specimento the dynamometer
which elongateselasticallyin proportionto this for.ce$
accordingto Hookots law. The wire coveringthe “dynamom-

. eier bar followsthis increasein length, changingits ro
sistancein a linear manner proportionateto the force
acting. Tho change i,nresistancevaries linearlywith tho

* load over a range 0$ forces exceedingthat used in an-yof
the tension tests. Typical calibrationdata aro given in
table I. With high-strengthsteel specimens,6000 pounds”-”-””-

6 , is ordinarilythe maximum force tih”ic%”%-flloccur. 3y neas-
uring the change in voltage producedby this change in re-

1, sistanceof the plc’kupcircuit,for6es can %0 d.etormincd
as indicatc?dlater.

The linear relat,ionbetween the impact forces and the

—.
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dynamometerdeformationis valid as long a~ the period of
the natural vibrationof the dynamometerbar is short con-
pared with the durntion of-impact. The natural freqtiency
of the dynamometerused in this work is 35,000 cyclesper
second,which givesa time for a half-periodof 1/70000
second. Thie is practicallythe upper limit of frequency
f%r this type of dynamometerbar,since further shorten-
ing of tho bar is impractical. Tha natural frequencyi.s
determ,i,nedby strikingthe end of t~e dynamometernnd CDE-
pari.ng!the vibration set up on an oscillographscreenwith
a wave of known frcqu~ncy. With this tlynamometer,roli-
,a32.ef%r-ceti’merecordsnre.availableup to impact epoeds
of 200 feet’por second.

c. RXCORDINGAPPARATUS

The voltage changesin the circul.tproriucadby tho
elasticdeformtitionof the dynamometer.n.rennplifiodb~ R
two-stagealternating-currentamplifier. From tho anp2.i-
fior, the signalis sent to an RCA TM-168-A cnthodo-r~,y
oscillographshown.at,J in .figura3.. Tho concoctions
are made ,s,uch~that..~hevoltage.chnngoswill produoe a vor-
tl.cal&.eflectionof the”e~ectronbeam. The .~ak.lofor the
verticnldeflectionin torqs of resist.~nco.(ohmsper tn.)
is datorminedby suddcmlychangingthe resigtnncciof tho
dynmmomotercircuit a known amount. .Forthis purpose a
cnlfbrntionresistor,shown in figure ?, is used to pro-
duce a force calibrationcurve aftert~achtest..‘This
change in resistancecorrespondsto a known force acting
upon tho dynamonoteras dot~rmi,nodby a static cnli,bra-
tion of the tFpo shown in table I.

F-.—

The circuit of the oscillograph3s arrnnged so that n
singlehorizontalsweep of the electronbe~m can be ob-
t~ined at any desired speed. The sweep speed is deter-
mined by connectfuga known frequencyto the oscillograph
~nd producing~ broken timing line across the screennf-
ter each test.

●
✎✍

,, The force-timecurve traced by the bean on the scroon
ofthe. oscillographis recordedphotographicallywith the
camera-shownat T in figure3. The camera is ca.uipped
with a Zeiss Biotar l?:l.4lens.

The horizontalsln.glesweep 05the oscillographis
startedacross tho screan sllghtlyin advance of the im-
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pact of the jaws on the tup by means of a small firing
pin projectingbeyond the froiitsurfaceof the yoke.

4 This pin is insulatedfrom the yoke and.connectedthrough
the wire, shown at U (fig. 7), to a condenserin the
controlpauel shown”at V in figure 3. The other side of
the condenser-isc’onnecteato ground. When the jaws of
the disk strik6the end of the pin,the co~~enseris dis-
charged,.t’herebystartfngthe‘sweepof the e,lectronbeam.
An ‘instantlater the hammers strikethe ‘cupproducinga
force-timediagram iri’thecenter of the oscillographscreen.

TABLE!I “

TYPIGAL ?ICKUP CALIBRATIONDATA

.

v

Total load
(lb)’

o
, ‘2,000

49000
‘ 6,000 ,

8,000
10,000 ‘
12,000
10,000

8,000
6;000
‘4,000

2,000
0

Total resistance
.,. (ohms)

848.080
84W.5L0
848.944” ..
849.390
849.848 “ ‘“
850;260
850.688 ., .,
850.250 -
849.808 -

. 849.370-
B49.935 “
848.510 -
848.093

._

Resistancechange
(ohns)

p4 b ~
if.4 4

.446

.458

.412

.428

.438

.442

.438

.435

.425

.41?

,,
Up tO 12~000 pounds and back to zero 10ad, a’sfast as pos-
sible (within10 see), gi+es:

o . . .,’,., ,848.093.- .:: . . -. _: --

12$000, “,held,for10 minute,s:
,,. -.

.“’., 850..724 ohms, “with n-ovisible change.
,-

. ,“..-:
6000, ,h~ld10-minutes:.849:..410-o~rns,,with no visible change.

. . . .
0. 848.08Q.. “ ..:” ‘“ - - . .... .

. .
* Results:”Av6rage resistance:change:

,.
2.189 ohms pe”r10,000-. ... ,..,. -..

. . pounds, or 4585 poun:dsforce per ohm change in -
.!’.. iesistancq. .. .,. . . ....... .. ..._

..__

.—

. .

.——.
,-.

.’ . .
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D..,EXTENSOMET?ER
,,,

., . .
The record obt’ained~rom the oscillographBcreen,ifs

essentiallya <orce-timqdiagramwith the or’dtnatepro-
portionalto force an-dthe abscissaproportionalto time.
The constancyof wheel velocityduring the impact,was
checkedby mans of a specialextensometers !Phisextensom-
eter pr’ovidesa means by which unit,eof elongation’cHn.be
e.d’dedto.the force-timediagramdiscusseda%ove.

w’

+

?

The essentialparts of the extensometerare shown in
figure 8. It consistsof a small cylinder1/4 inch in
diameterand 1 inoh ,lon.g,mounted oh the end of the dyna-
mometerparallelto nnd above the specimengago length ns
shown in figures5 and 6. This oylinderconsistsof 115
alternatelayers of 0.009-inchcelluloidand O.001-incli
~luminumfoil pressed onto a central steel shaft in suoh
s manner that the altiminumdisks.nakoelectricaloont.act
with the centralshaft. The out~r surfaceof the cy3.in-
der is turned smooth in a lathe. A narrow ribbon of cloclc-
spring steel,carryinga needle point at one end, is fas- .
tened firmly to the tup prior to fractureof the specimen.
This ribb-onis held along an element of the cylinderby an
elasticrubber tube. Figure 8 shows the parts which are <
assembledand placed as in figure,5. As the tup is drawn
forwardduring deformationof a specimen,the needlepoint
scrntchesthe surfaceof the cylinder,alternatelymaking
and breakingan electriccircuikafter every 0.010 inch
of elongation. This produces successivemodulations.on
the force~timediagram correspondingto deformationunits
of 0.010 inch, Such modulationsare shown in figure10
for aluminumbroken at 20 feet per second.

Investigationof theseand sirnizardiagramsindicate
that the velooityof the wheez during impact is essential-
ly constant since equal units of elongationare marked out
at equal time 3.ntervals.In additio’h,elongation;measure-
ments ‘obt”ainedwith the extensometercheck sufficiently
close with those based on the assumptionthat the rate of
deformationdurin~ fractureis condtari%-.a-rld“e”qualto the
velocity of the jaws. Consequently,this extensometerde-
vice is used only occasionallyas,a.ch~-ckon the operation
of the dynamometer-oscillographuniti .’

Table II shows a“few”t~pica~‘valii6s”6felongation
measuradfrom specimensand comparedwlli”hcorresponding
values recordedfrom the photographedcurve. The time re-

1

.

r
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quired for fractureis also given. It is interestin~to
point out that with 20-percentelongationo-i”-2/10-inchde-
formationup to fractur”e,the time requiredto fracture
at 150 feet per second is 0.00011 second or 1/9000 second,
Also, 150 feet per second correspondsto an elongationof
180,000 percentper second.

TA3LE II

ELONGATION-TINERESULTS

Specimen

Cold-drawnsteelNo. 8

Cold-drawnsteelNo. 17

Cold-drawnsteel110010

Cold-drawnsteelNo. 16

Cold-drawnsteelNo. 1

3rass ITo.1

17S-’2duralumin

alonga-
Valocity tion

(ft/see) (in.)

10 0.150

Elopga.-
tion
taken
from
curves
(in.)

0.15

10 .157 1 .155
.-.

30 .185 ,ls~

50 .145 .15

75

.1

.120 .12

20 .250 .24

20 .250 .245

?imefor
frac-
ture

(Sc$c)

).00125

.00130

.00049

.00025

.00013 ““’

.00104

.oo~04°
—.-_

E. ANALYSIS OF TEST RECORDS

In gonoral,the method’of analyzin~tho forco-tine
.* diagrams or, more specifically,the change in resi”stance-

time diagrams o’fthe type shown-_infigure 11 ~S 6i;W~Y by
the method indicatedin figmre 12 and table 1~1.

● analysis of a force-timecurve for a specimenof 175-T
.-

duraluminbroken at 51 feet per second is taken as an ex=
ample. Typical photographsof the force-timecur-~”iatl ‘“-—
photographedon the oscillo~raphscreen,are shown in
figure 11. The records are photographicallyenlargedand

A -—
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v

traced at a.suitablesize by drawinga mean line through
the vibrationsof the diagram,after which the force-time
and elongationscales are determined. Successiveforce
measurementsand correspondingelongationsare recordod
In suitableunits and the areas-underthe curvesmeasured
with a planimeter. Knowing the initialcross-sectional
firesand length of each spscimon,stress-strainvalues
s,reco?nputodand the curvoplottod. Tho energy roqutrod
to rupture th@ specimenis obtaineddirsctlyfrom tho ~roa
of the forco-elongationourvo. For pukposes of conpnrison,
statictests werG made with each mstorialand corresponding
data wore obtalnod. Stfitictests were made by ap~lying
lo~ds to the specimen“insmall incrementsancl waiting for
equilibriumconditionsto be establishedbefore applying
the next increment.

TABLII111

COMPLETEANALYSIS 03’STRXSS.S!I!RAINCURVE OF 171GURlI13

17S-Tduralumin !)riflinalsectionrlarea:=fm~sqin.
Specimen:5 Percentelongation:.25.3
Filmholder:4 Percentreductionofarea:ti~o~
Timingwave:3.0kti

Tineofbreak:0.000kI.6sea Planimeterreading:1.94
Velocity:50,5ft/sec Plenimeterconstant:1.113

Areaofdiagram:2.160sqin.

Yorcescale:1 in.=2G70 lb tiergyofrupture:41.9ft==lb
Elongationscele:1 in.=0.0T2Tft Yieldstress:59,400 lb/sqin.
Energyscele:1 sqin.=lg.4ft-1’bUltimatestress:71,300”lb/sqin.

13ree.lkingstress~~1,000lb/sqin.

Elongation
(in./in.)
0,001
.002
.004
.Oq
.012
.016
.022
.024
.025

l?orceunits
(?othsof an inch)

Yorco
(lb)

l~70
1760
~~30
215
{z?()

2135
1975
1760
1600

Stress
(lb/sqin.)

71;300
68”,000
62,700
56,000
51,000

.

s —

,.

b
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III. TESTS ON 1-INCH-GAGELENGTK SPECIMENS

I

A. MATERIALS”TEST2!P

Using the procedure outlinedabove, twenty-onediffm?-
ont engineeringmetals and alloys were prepared and broken
in tension iiapact.These spocinefiswere machin~d from
l/2-inch-dl.ametarrod. They aro threadedat each end and
have a cylindricalgage length of 1.00 inch A 0.005 inch
and a gage diameter of 0.200 inch & 0.001 inch, as shown
in figure 13. The materialstested are listed below:

2,

. .
u

3.

.

. . ___
Li2ht alloys

a. Aluminum (2S), conditionunknown (estt~at-ed~ H)
t). 17S-T alumin~ alloy,

nominal analysis- 4.0 perce”ntCu, 0.5 percent-
Mn, 0.5 yercentMg, balanceAl

c. 24S-T aluntnun alloy,
noninal analysis- 4.5 percent.Cu,0.6 percent
Mn, 1.5 percentMg, balanceAl

d. Dow~etal J magneslunalloy (extruded,
nominal analysis- 6.5 percent Al, 0.2 percent
Mn, 0.’7percent Zn, balanceMg

e. DownetalM magnesiunalloy (extruded),
noninal analysis- 1.20 percent Mn, 0.3 percent
Si, balance Kg

f. DowmetalX (extruded),
nominal analysis- 3 percentAl, 0.2 percent h,
3 percent Zn, balanceMg

____

-—

.—

.—. .—_ ._

-. —— __ -—. _.
a. Copper (pure),conditionunknown ..
b. Machinarybrass, conditionunknown
c* Siliconbronze (cold-drawnEerculoy 110.418 rod);

nominal aualysi.s= 96.25 percent Cu, 3.25 per-
cent”Si, 0.!50percent Sn .—

Steels

a. SAE 113.2free cutting steel - cold drawn
b. SAX 1020 hot-rolledsteel .
c* SAE 1035 steel - annealed1.550”3’
d. SAl!X4130 steel

.—

-—

.-..-
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‘S&is {co~t~n~ea)
a. sAX X413.0”:st~el (continued)

1. Annealed 1575° F
2* Quenched.”inoil f’rom1575° F, tempered.

at‘10006)?
3. Qu6n’chedinoil from 1575° F, tempered

a’t800° F
4. Quenched.in021 f“rom1575° 1?,tempered. .

Iat’600°’F ,. ..
e. SAZ 6140 steel quenchedin oil from 1575° F,

temperedat 1020” 3’ -

4. Staifilessstee~
,,

..

,. e,.

b.

16~percent.chromium-- 2-percentnickelIi286,
oll-q-uenchedfrom 1800° Y

,..

1: Temperedat1260°
2. Tomperodat 900°
3. Temperedat ‘700°

33. TEST DATA AND

8-percogtnickel stainless
received

Representativevalues of yiel& stress,breaking stress,
ultimate stressare recordedin tables“IV“toXXIV for each
materialat various rates of--deformation.Likewise,the
percent elong”ation-,reduction,-ofarea aridenergy required
to rupture’th6spec’irnen”tie.rec,oided.Stres~*straindia-
grams-aregiven”at’.thr”aevelocitiesfor“ea-chmaterial in

figures15 to 35, i,nclus’ive’.G’u,rve’$’showingthe variation
of the physicalpropertiedwith rate of deforrria$ionaro
shown in figures35 to 56, inclusive.

,
The ratio of dynamic

to staticyield point, ultimate strengthand energyaro plot-
ted as a functionof velocityin f!.Gwros57 to 59, lncZu-
Sivo. ““ “

....

1. L12ht‘alloys‘“ “ -.

a. * inure.- The.ultimato strengthof aluminum
incroasosslightlywith an increasingrato of doformati.oa.

.

#

.’
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The elongationand re,dycti.,op.of.area increase.appreciably
with inc,reaein.gvelocity...It-is also to be noted that the
energy re,qul.=dfor failureincreasesfrom about 6 fOQt-
pounds in the static.test,to,a~out11 or 12 foot-poundsat
a velocity of 20 feet yer second. -—-—

l). 17S-T aluminumalloy.- The ultimate strength,
elongation,and reductionof area o.fthis”alloy increase”‘“
slightlywith velocity. It is evidentthat this material
is net greatlyaffectedby velocitiesin the range used in
these tests and with this particularshape of specimen.

c. 24$-T hluminum”alloy*-.Asin the case of 1’7S-T,
the ultimate strength,elongation,and reductionof area
increasewith velocity..Howev-,er,the increase OY ultimate
strengthis somewhatgreater for 24S-T than for 17S-T and
about the same as that of aluminum. This data indicates
that 245-T alloy is less veloci.ty-sen.si.tivethan 17S-T. ..

d. Dowmetal J, magnesiumalloy,- ..Theultimate
strengthof this material is adversely.affe”ctedby in-
creasingvelocityas shownhy a decrease of from 44,000
to about 39,GO0 pounds per square inch at 10 feet per sec-
ond. The reduction of area increasesfrom about 27 per-
cent staticallyto about 38 percent at 10 fee$.per sG”@I@. ‘ ..

The elongationincreasesfrom about 16 percent to a%out
20 percent. .. ‘

-—
e. DowmetalM. magnesiuma.llOY.-Thei’eis-~n–-ap=’

preciableincreaseof ultimate stre~gthfrom ~yproxi~ately
35,000 pounds per square inch staticallyto about 50,000
pounds per square inch at 10 feet per second with-thisal-
loy. The reductionof area and elongationdecreasevery
markedlywifh increasedvelocity.- The-reduct$onof area--
decreasedfrom about 25 percent to about 6 or ? percent.at
10 feet per second. The elongationof about 17 percent
staticallyis reduced to a minimum of about 5 or 6 perc6nt
with”increasingvelocity. These effects occur %elow a ve-
locity of 15 feet per second-.As a result of the marked
decrease in elongation,the energy required to rupture ihe
materiaz decreasesin about the same manner, that fs~ from
a value of about 14 foot-poundsto about 5 or 6 foOt-
pOunds. One nay concludedefinitelythat this materialism
velocity-sensitive.

f. DowrnetalX, magnesiumalloy.-DowmetalX do’es
.

not seem to 6h0w any marked differencesin tensileprop-
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erti”os”.as the rate of defer.mation.is~ncreasad. Tho rO- .
stilt”s”i:ndidate a slightIncreaseif.t,h-eredu.cti~n“:ofarea
,an”dpercetitielongationwith..incr.eti:si.n~~yelocity,but orie-’
should“nofattac”htoo much sfgni$i”cafipqto t~le, in view
of the.spread of the dat~.. . ,. . . ..-
,,

,---- - ,-.. -,
2“. ~o~%e~ allo;sfl “.’” ,;”,:,“’ ““.,,, ,,

.“. a“’:QEQEz”-Th.e,V>.i’.tm4,$e:s~r~n~th~f Co”pperin-
cre,ase8”from.about45,0,0,0.to..a.bout.,5O,,000p“ounds’persquare
inch with increasingvelocit$~ Th’g”red~~tionof area aid
elongationlikewiseincpe.as,e,a,$.th.o.ugh,th.eincreaseof re-
&uctiionof a.~ea43ee.msto.Bepro.portiO”p~;%bl~gre”aterthan
the:Increaseof elong,atlon.,,Under~h.e-”.co’nditionsof thbse
tests, c..opp$rdoes notseem “tobe ~vbloci,’ty-sensiti.ve.“.. .,.,,. .““. .,,.,,,, :.b.,E.r.ass.~ T.h.echfige“of“ten-~iie,prgpe”rties of
br~ss with velocity seems‘to“follow‘thesame tendancy
found“withcopper;however,,.+hein,cr.e.qs.e of.one”rgyab-
sorbedby ‘thealloy is grea”terthag the-increaseshown b~
pure’rcopper; ... .

“ characteristicsseem to var~ In ahQut ~Qo”’@~~e,wayas with
ptirt3co#per;that i6,:,$ncre~soof’.@ltiWa\-ep$rength, ro-
ductlon of area, elongationand Anergy””with”’iricroasing ve-
locity. At first, the influenceof velocity Seems to %e
somowhatgl?etiterip the silicon-bron?pthan in pure copper,
although this.tendencyis rodu’ced’at’higher vo:locitios.

.-

.

,.
3.” Steels.’ “ ““”” “

,. a. SAE 1112 free-cutting‘stool.cold-draw%~ The
yield str’esso:fthis m~tq.rialincreaq8s,from~90,000to
130;000ptiundsper square inch with rise In rate of deforma-
tion from staticto 20 feet.per,secorid.The,energy rtiqulred
to rupturerises from 26.to 45 foot-poundsin the same”range.
In this.materialthe yie,ldstresswas alw6,yehigher than the
ultimate strengthexcept i.fithe statjictest. d

,.
b. SAE 1020.hot-ro,lL,ed “steej...-The most effective

influ6nce”ofvelocity on the propertieso.fthis steeZ oc- i
curs ia the ultimate strengthwhich ih.q~easesfrom abbut
65,000 to about 80,000 pounds per sqtire inch.”The reduc-
tion of Area remains approxi~ate.ly:constant throughoutthe
voloci%yrange whilethe+pe”rce”rik’:olonga,t~dnis decreased
slightly. Here, again, is a relativelyductile mntorial x

s



b

+ I?AOATechnicalMote No, 868 15

.

,

.

9

and ft is ‘tebe noted that the yield y6int in t~e low-
P610Cityrange’increasesvery marked~y- .“ “. .... .

,.

c. SAE 1035 steel fully annealed.-‘~hissteel
shows a marked increase”of yield stressfrom 4’i’iOOOto
92,000 pounds per square inch. The ultimate strerigthin-
creases from 75,000 to 100,000pounds per square inch.

.—-

The energy rises from””49to 62 foot-pounds. These.in-
creases occur within a change in rate of deformationfrom
‘staticto 20 feet per second. At higlter”rates“ofdefor-
mation, the yield stressrises to 125,000pounds per square ‘
inch at 140 feet pe”rsecond,while the ultimate strength
rises to a maximum of 115,000pounds-persquare inch at 90
feet per secondand then &ra&uallydecreases.”The ener-~’y
increasesto abeut 78 fo-ot-paundsat 140 feet per second,
The redUOtiOn ofarea and percent elOngatiofid.onot change
appreciablytiithinc~easingvelocity.. .

d, SAX X41Z0 steel.-This.alloy steel-isom-
ployed-e’xtensively~n the aircraft ind~st.ryfor mafiy~K&<
poses. Specimenswere quenchedfrom”1575.0F Into oil, o
some were %empe”redat 600°’and 800° F,
F. “

and others a~,~~0~
Another group Of ‘specimenkwas”annBaledat 1575

T“he-sp-ec~m<east“enp”ere-aat 60~an”&’800°.F &hbw ~ decrease
of”ulti~at-~str”bngth’with”::$nbrze”ase~-of_velooity,whil”e
those temper-e,da“tlooo~.T“ah~ the.a-nnea$e&sp-eci?aensshow
no appveci.kblechangs of u}timkt~ st$6”ng.t’hw-ith.Lncrea6ing
velocity. !l!h’eultimate“e’trengthof the -specimenstempered
at 800° I @ecrea-sesmore“sharplythan those.tenpe-redat
6oo”.F. The so-cal-l’edyield point ~f ~he-epscimenstemw
pered at 600° and 800°‘~decrea%es.with increasingveloc-
ity. This, ooupled”with the decreas-e‘ofultimate strength$
is indicativeof the poorea dynamic ~ropertiesof this ma-
terial when tempore&at 600° and 800 F than when ternered
at looo~F. BT* spe:ctnensthat were tempered at 1000 F
show very littlo change of tensilepropertieswith val.oc-
ity. There seems to be a.slight increaseof energy a%-
serbed. The annealed specinensshow an i’titireastiO-fultt-
mate strengthwith increasingvelocity. The other prOp-Sr-
ties do not seen to he greatly affected. In the lower ve-
lccity ra~gev the yield point of the annealed specimens
increasesvery rapidly’withincreasingvelocity,which iS
oppositeto that found in the queriche&and tetiperedspeci-,,
mens.

SAE 6140 steel auenched,and tiempered at 1020°
1?_,~-This~~eel does not SIIOWany appreciablechange of ul-
t3.natestrengthwith increasingvelocity. .Thereduction
of area and percent alengattontend to increase slight~y.

.
-—
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There is an appreciableIncrease
/

of the energy,absorbed
with increasingvelocity. It i~ to.be noted that in t$i.s.
naterialwhich has been temperedet a relativelyhigh s
temperature,t~,eyield point in the low-velocityrange
tends to increaseas it does in the case of the S.LEX4130
steel, t-emp.eredat .1OOOO1?. ,

4. Stainlesssteel
.’

a. 16-Percent chromium,2-mercent ntckel.-Spot- .
imens of 16-percent-chromium: 2-pe,rc”ent-n.ic.kelstainless

-.

steel,oil-quenchedfrom 1800° 1?,were temperedat tempera-
tures of 12000.,aOOO, and 700° Y. Owing to the few speci-
mens available,these resultsare consideredindicative
only, thcmghthey are ,qui”teinterostin.g.Values of pa’r-
cont elongationand reductiono-farea are almost identical
for all three materials~~d..remainconstant.oiar the veloc-
ity range; the stressesand absorbedenergy,however,he- —
have.quite differently.There.is moderateimpro%%mentin
PXOpsrtiesof ~h~ alloy temperedat 1200° F, with rapid
loadi,agup to 80 fe-t per second?

-.
with the absorbedenergy

rising from 58 to 96 foot-pounds. The materialtempered .
at,900°F shows a decreasein ul$~mate strength,yield,
and energy,with increasingsp.ee~up to 45 feet per second;
but it is noted.thatthe minimumvalues are not appreci-” f
ably lower than the minimumvalues of tho materialtem-
pered at 1200° F. The ultimate strength,yiel~ strength,
~nd ener~ values of the materialdrawn at 700 F do not
&an’gemuch up to’speedsof 40 feet per second,after which
the valuesincreaso approcfably.This might soom R Lndi-
cate that the dynamic tensilepropertiesof this etoel are
reasonablysatisfactoryfor nny of these heat troatmonts.
Lower Izod impactvalues for the materialtcmperodat 900°
F have indicatedR groatornotch eonsitivi+ythan othor
heat treatments,but its dynamic tensilopropertiesRrc
quite good, though not as high as for the spe”cimonstem-
pered at 700° ~. It mny be no%od that tihocurves for-ma-
terials of higher tomperin-gtomporaturoappqar to bo of
the same general shapo ps t-hoseof the lowest tempering
tamporature,hut are tli.spl&ce&along the v’olocitynxis.

b. ~8-Porcont chromium,8-Porc9nt nickel.~ThtS
material,‘showsan appreciRbl”edecreaseof r“oductionof
>rea and elongationwith increasingvelocitiyand a gr~dual
upward trend of ultimato strength. Hero, again, it is to
be notod that in the low-velocityrange tho yield point
shows a marked.increasowith increasein velocity. In tho
low-velocityrange, tho energy docroasosmarkedly,but fln

.
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thehigher velocity range, tho ~nergy is about tha samo as
under static conditions. .-

c. TEST CONCLUSIONSANI)SUMMARY

In examiningtho results of-these tests, it is to bo ‘-
noto.dthat thoro are no definiteindicationso-fthe ex-

.. istcnco of a criticalvelocity.for any of the materials
investigated. If one examinesthe,data in tables IV to
XXIV. it wtll be notod that in most matg.rialsa lnrge nu?a-
her of the spectnensexhibitedtwo reduced sections- ono
at whtch failuro.o’ccurred’near ona ond of the-gag? length
and onc at *he other end of.the g~.g.o’length, as shown in

* figure”14. Such specimensare desiguatodas having a
double neck. ~his plidnonen-ohhas been observedbefore,
but its cause has not been explained..

..
.,

From the present“investigation,it is ap~aren.tthat. the length of the specimen,has”a narked effect upon the.
results. If one considersthe double-neckphenomenonfrom
the standpointo,fwave propagation,a ‘moreintelligentex-

4 planation,ofthe behavioz of these .Speci”me-”nsma-y%e ob-
tained. The elastic”wa~s iS propagtitedat th6 ve~oc”iiyof
sound in’the.materi~lwhich is extremelyhigh. Therefore,
many reflections“ofthe elasticwave may occur during the
time involved.from sectiondiscontinuitiessuch as at the4 ends of the gage length. Furthermore,there is some evi-
dence $hnt the plastic strainiS propa~atodfitR much
lower.,ratethan the ela&tic strAinJ From this aDklj%_%%, , ‘-
one ‘mayex~oct‘t+~tthe stress’throughoutthe specimenmay
not.be uniform at “tinysp”eoi-fitidinstant. The strdstidis-
tributionwill de~end upo~ the gage 14n~th-and.the applied,.
velocity; .Un@s~certain.conditiong,mtixirnuns-”in”the&efOr-
mation pattern may occur at two points-alongthe syecimen~
resultingin a double neck.“The short specimenemployed
in these te&ts’undo&htedly:influoticesthe results. Longor
spocigenswould probablyyield.m~reY“~ndati-&n551information
~bout tho behavior of the “maf”e”r+-alwh-ens—u%jectedto”‘s-ud-
d.enlyapplied loads. “T!he”resultsreportedare.truefor the
shape of specimenemplojiedin this particularveloc~~I
range._

u- — .-.-“..-. —. --’
The values of yig~d Po’in%r_eported~re prob~bly mest

reliable in the,range.ofvelocitiesTelow aliout20 feet
.———.

per.second. At hig~er velocities,the overslio~tifigeffect
——— 4-

.—.—
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*
becomesmqre pronouncedrind,therefore,the values roportod
for yield‘poi–ritmay be rightfullyquestioned. It soens to
be significant,however, that in some materialsthe yield 8
point decmoases,while in others the yield point increases
with increasingvelocities.

In the light alloys,DowmetalM is most affect=dby
veloclty. The other light alloys investigateddo not suf-
fer appreciablelosses of duotility. The copperalloys
seem to perform quite satisfactorilywith Increasingveloc-
ity. The S4E X4130 steel temperedat lGOO0 F appearsto
%e less affectedby an increasingrate of deformationthan
any other treatmentemployed. The results of the test on
the SAE 6140 temperedat 1000° Y indicatethat there is no
marked effect of velocityon the dynamicproperties.

The results of the tests on 18-percentchromium,8-
percent nickel stainlesssteel are in generalaccord with
the experienceof those who have been concernedwith cold-
formingpropertiesof this alloy. With increasingveloc- .
i.ty,the reductionof area and pement elongationdecrease,
while the yield -pointand ultimate strengthincrease. At .
higher velocities,these resultsare somewhatcompl”icatecl
by the stressreflectionsreferred to abovo. With this
size of specimen,there doos not seem to be any marked i
changein the ductllltyof the 18-percentchromium,8-
percontnickel stainlesssteel above approximately20 feet
per so.cond.

.

The results of this investigationare in general
agreementwith other investigatorssuch as Kadal and
Manjoine (referencel), de Torest, l~acGregor,and Anderson
(reference2), and Parker and Yerguson (reference3) with
respect to trends for similarmater-ials.The differences
in absolutevalu.ssmay he attributedto differencesin epec-
imen, composition and structuralconditionof material,
and testing equipment. Many authorshave employedthe term
‘fstrainrate!’as s basis for reportingimpactvelocity.
The curves in thfs renort give both impactvelocity~nd
rate of deformation. Since the strainrate is not uniform w

along the specimenduringa test, it wouZd seem tluatthe
use of this term shouldbe discouraged. It IS probabl=
th~t the actual velocityof the noving end of the spocimea I
is a controllingfactor in this type of work.

No definite critical velocityhas been found in theso
bests such as reportedby H. C. Mmn (reference4). T.lze
effect of velocity on the elongation~f the annealed <

.
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+ SAE 1035 steel given,inthisreport!coincides reasonably
WO”lI”wi,thth-atof Ma-nn,but the decrease of en,ergyob- .—

4 servo-dby hi-m-is”not found in the present investigation;
,norha.votho othor investigatorsreforrodto .boenablo t“o
ohservothis condition.

— 7-- ...._

IT. EFFECT OF,G.&GELENGTH

A series of tests was conductedfor the purposo of
studyingth~ effect“ofgage length on dynamic tensile,c.har-
nctoristic.s.For these”tests, a cold~rol~ad-”steelwas em-
ployed”.”The ‘over-alllength of the specimenswas tho s.ano
as that used for standardtests,“namely,2-3/16 inches.
Tho gago d.hmoto’rof tho specrin.onwas maintainoilat.0.20
inch, while ‘thega~o lengthwas varied.’fr-oh-1 i’dchdown to
0.025 inch: An at’temp.twas nado to pai@&in”‘a-fil16~-~ra_di-
us of 1/32 inch on spocimon.swith a gage of ,morothan+”O.}
inch. With shortergago langths,t’heradius wae ne’gligi-
blo,- The rasults‘ofthosg tests hava been plottoilin fig-
ures 60-to 63, inclusive..

(Figu”ro60 shows‘thorclti~ibn‘of,~l”%im~~ostro~gtht-o
% tho gage’longth”as~~-~6rm~fiod’atv“olocit~~ebotw.ebnO an~. ,.,

125 foot por,.sb-condj:!l?he~o“i”~.n;n~r-kod‘incr’~”qsoof ulti-
nat,ostro.ngt.h,of,,tk:i-s--zy$i~rial-unt”i.1the-gago Length is.,
rcduc,od‘to0.2.ip.,c”h~,”’~wh”i.dh.cor~r”eapo.nd.s+.t’o”~.ti”l~d .r~.t~~”o.f
unity. Dedroe.’siag.th6~ga~”elength.bayond t“hisyaluo ‘of’--

-fects an i,nc.reaso,of ultiaato’st”rangth,fo-l~owedby a
rather pronounceddo”cro,+ewhen the gag~.-xopg$,hil leS8.-
Ehan 0.05 inch. ., .-

Tho changp.of parccnt-elongationwit-hgage Iongth is
shown in fi’ar’b61...It “is.iritoresti’ng.k~~-n~~o that tko
p~rcontagoolongatib.ninbr’e~soswith docroasingnotch

.length until a yalua of.G.2,inc+.is roached. With furth”er
decrc+asoin gago longthl”tho pe.rcontelongationdecroas8s
to a ~fnifiunat a gago length‘ofabout 0.0?5‘inch,And
then increases=nrkodly.

Figuro 62 shows tho effect of gage length on tho re-
duction of area. Hero, ~.gain,there is no aarkod ch~ngo
until tho gago length is about 0.20 inch, althoughthora is
a tondoncy for tho reductiono.farea to docroasewhofithe
gago longtb is below a valuo of about 0.40 inch.

Z!hovariationof onorgypo~ unit voluae is plottod
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agai’h~t“gage.:Len’g%hin’figu~e63”. This.shows,~ gradual ink #

crease in‘energydown to a gage l.engt.hof”0.,20inch..’.“#ith.
sm~lle,r”ga”ga~en’gth,t“h~exIoTgyper Unit PO,lUI!WiIICrORi3.Qf3
m%”rkedly.In gbneralia g~ge -ion’gbh.of:0.2 -inch(l/d = .1)

$

soeme to bo a criticallength, ...... . ..

CONCLUSIONS“ -

Tha ““resultsgi.von“inthisraport:+ndfcnto the rela-
%“5”vavelocity s“tinsi.ti”iv’ity“ofs’ovar~leng”i-nberingmetals
6.ndal~”oyswhich ‘a”rbus”ddd$ro.ctlyor indirectlyin tho
field of $fi.crti.’ft”‘p’r:oduc%$on.”In .c.onti.ldaringthe &atn, it
is lm~ortant.tioYe.oognizethat tihoresults establishthe
propp,rtiosof”tho$o rn~t”or$als”“nt“differun%r~t~13of da~qry.
matiori‘fdr,this,p’a~ticu”larsiZb “and.shapo of spacim,en. :
The“p~o”soncoof dou%le necking indicates‘thatseriousstxess
reflections“occu”r”which dofin’itio.lyaffect“thoresults. It
ie’”tobo”a~~scfedtliatI.ongerspscimenswould give,sompwhflt
&ifferentd~ta~ ... . ,. .,,, ,.

,
In gonoral,~h~ results of this investigationind~cato

.

that for some rndtoriq.lti’aetress.considerablyabove’tho
-..

st~ticyield pointcatibb Appliedfor a vory:shortduration r
without”mar”kod~CIefbrhhtion..“’Thiscould~.be-.statodin all-“
other way by snying %hGt:athigher r~b?s~of?daformntionthe
yield-po+ht’is%ncroksaclin.snmemater+als. All,matorinle
exc6ptDowmotal‘M:s.nd18-peticentchromiums.8-p@rqen~..nlckQl
Stain~O’S8’St”6~~,‘6howodlittle,changein pei~ent elongn~ien
with”””incr8a6ingz’~%eofdefor?nation..Dowmetql,-M.ip ?ery . . ____
sensitiveto velocit~. .’.

Itis apparentthat the ,effect.of decreasingthe gage
length below 1 inch is’only ~light,proyi.ded-the ratio of
longt.h%.oditieteb”isnot below 1. Tho vwiation of prop-
f3rtiaswiih rate of deformation,soomsto-remninapproxi-
rnat’olytho &am&’”fordifforantgage,lengthsbolo”w1 inch. ‘

;.”

.,
.,

., . .,,. . .

r

r

—

.

.



NACA TechnicalNote No. 868 21

VI. ACKNOWLEDGMENTS

.

,

This i.nvestigation,has been made possible throughthe
cooperativesupport of:

NationalAdvisory Coumitteefor Aeronautics

Hughes Tool Conpany

GeneralPetroleunCorporation

InternationalNickel Conpany

Lane Wells Company

Union Oil Company df California —.—.—

The followingindividualsand conpaniesare acknowl-
edged for their support in the earlierphases of this in-
vestigationwhich has made possible the determinationof
these results:

Allis ChalmersManufacturingCompany

CaterpillarTractor Conpany

National Supply Co~pany

Arnold Pfau

A. O. Snith Corporation

W. M. White

An expressionof appreciationis extendedto the
SouthernCaliforniaEdiso”nConpany and particularlyto
Mr. H. L. Doolitt~e of that conpany for the loan of the
water-wheelgenerator.

Appreciationis expressedto Dr. Theodore von KArm&n
for his continuedhelp as consultanton this project.

The experimentalwork presented in this report is the
result of the efforts of Dr. LeVan Griffis,Mr. David.S.
Wood, and Mr. Edward E. Sinmons,Jr., of the project staff.

Ca~iforniaInstituteof Technology,
May 25, 1942.



.

22 NLCA T.ochnic~,lHoto..l.lo.868

1“. Manjoine,M. J,, and Nadai, A.: High speed !l?ension
Tests at ElevatedTernperatu:res.P,r.oc. A.S.T.M.,
VOle 40, 1940, p. 822.

l?adai,A., and Manjoine,M. J.: High Speed Tension
Tests at Elevated Temperatures. Trans. A.S.M.E.,
Jour. of Applied Mechanics,June 194-1,p. A77.

..
2. de Forest, MacGregor,and -!-nd.erson:Rapid Tension

Tests Using the Two Load Hethod. Metals Technol-
ogy, Dec. 194’1,p. 1.

3. Parker and Ferguson: The Effects of StrainRate upon
the Tensile Impact Strength~f Some Metals. ‘Trans.
A.S,M., vol. XXX, no. 1, March 1942, p. 68..

,,..
4: Mann: High..Velo~i~y:Te~s.ion-ImpactTests. -Froc.

-.A,$;T,.M,.,vO1.:3,6;1.936,p. 85. .

Mann: A FundamentalStudy of the Design of Imp”~ct
Test SpecimeUs. Proc.-A.S.T.M., vol. 37, 1937,
P* 102.

., .. .

. ..

, .

r.

.

r —

*
..,-

..’.
~

!, 1..... ...
..,.

. .
, .:

..., >--- -.,. “.. “. x“

.



4

Velocity

(ftfsec)

Static
Static
15
15
35
35

60
60
90
90
90

120
120
120
150
150

Yield

l/sqin.)

!0,000
!0,000
.6,wo
.7,100
!1,200
.3,400
.7,600
.5,200
!5,600
!6~500
!g,300
!5,700
!8,700
!9,300
;2,400
!5,300
n,400
!7,900

NACA TechnicalNote No. 858

TABLE IV - ALUMINUM

Ultimate

(lb/sqin.)

20,000
20,000
21,500
20,500
22,400
20,700
23,400
22,goo
2g,200
26,500
23,200
20,600
22,goo
23,gO0
22,100
20,000
25,600
20,700

Brealk

[lh/sqin.)

10,ooo—
7,000
1~,()()(1
10,’300
11,200
9,700
10,500
11,400
n,500
15,100
lg,ooo
15,400
17,000
16,000
15,200
13,300
14,000
11,600

0
15.-
15
15
.15
45
45
%
/30

* go
go
120

v 120
120
150
150
150

4&,oo:

43:000
42,700
4;,%

& :700
36,600
Sg,goo
67,500
71,600
71,600
66,200
;;:%

57,Om
67,500

TReduc-
Energy tion

of
area

(ftTlb) ‘$

7.17
5.g6

10.2
10.4
g.g
11.~
p-l
11.7
11.0
10.3

11.3
9.6
13.1
11.9

I .—

I ----
ml

!n.g
g3,2
131m5
g204
g2.g
&33.f3
g3.2

TABLEV - 17S-T ALUMINUMALLOY

55,4Q0
5-,400
5$,500
56,mo
59,500
57,900
59,500
63,600
54,700
54,400
51,600
55,000
52,500
65,000
57,9~
54,100
61,goo

49,400

&-----

43,900
4g,700
44,200
42,900
47,100
40,300
40,100
36,200
32,s00

i
3,100
7,200
41,400
4,400
$2,300

2g.2
----
----
33*3
35.4
27.2
29.
2

%
2g.5
30.2
30.6

lo
2.2

38:;
6.4
L .2

39.2
46.7
4-J.:

L&

46:6
47.4
52.1
5?2.$
53.0
54A
53.0
54.0
53*Z?
53.1
!Z97

Elongat-
ion

$

13.7
15.9
21.6
22.7
23,6
2g.2
2$.0
----
----
25.3
----
2U.9
31.2
23.2
25:2
2b.6
2k.6
28.0

21*2
23.1
23.6
22.7
23.7
25.1
25.1
25.2
27.4
2~.5
27.6
29.6
27.5
30;6
2g.g
30.4
2G.5

23 ,—

Y&lec-
~mon
lJlm-
)er

20
21
2
3
6 *DN3z m

m?
7 ~.
; m
12 DN
11 DN
10 DN

z
lDN
lDN
13 m
17 m
16 DN

13
11
12
16
17 .
18
19
20
a
22
23
24
26
25 *IN”
27 m’
2g DN
29 DN

“P Averageness - 59R~
*DN= doubleneck

.
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24S-T ALUMINUMALLOY

Velocity Yield Ultinate Break
,

(ftfsec)(lhfsqtn.) (lb/sqin.) (lbfsqin.)
I

Static 46,000 65,600 64,000

10 56,000 73s000 63,000

37 67,100 77,~~ 65,400

64 75,000 a,?300 70,000

gg 71,300 76,200 63,@o

117 79,600 78,000 61,w

lW g4,goo 7g,ow 61,500

L

Energy

(ft-lb)

32.0

46.0

40.4

46.9

46.6

Reduc-
tion
of
aea
$

33.0

32,7

40.6

36a

4).0

41.5

41.0

Elon-
gation

$.“
..—

20.0

20.2

22.3 “

23.5

22.0

2La

25.0
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TABLE VII - DOWMETAIIJ, MAGNESIUMALLOY

25
3

q
leduc-
tion
of
areaI
$

27.g
3795
37*5
39.1
3%4
36.9
39.1
40.1
39.1
39.1
9.1
?0
39::
39.1

E::

ClOnga-
tion

$

5pec-
ircen
ulm-
2er

Cnergy

:ft-lb;

* velocity Yield

[lb/sqin.)

30*000
jg,goo

L
9,800
,700

42,300
47,100
51,600
53,200
46,mo
58,000
62,000
69,MO
73,200
61,700
70,300
50,000

Ultimate

(lb/sqin.)

Break

(lb/sqin.)(ft/see)

M
2

$
5
6
7.

;
10 *DH
11 D.N
12 DN
I-3 DN
15 DN
16 DN
17 DN

44,500
y,Efoo
9,E$oo
io,700
40,100
Zg,goo
43,000
46,!300

i
9,500

Ji:x
9,~oo
i1,000
$2,300
lQ~oo
W,loo

41,000
32,100
29,300
32,500
30,600
30,600
y3,200
36,900
2g,700
32,goo
32,200
29,goo
33,400
29,600
37,200
333700

16.7
15.5
16.9
17.4
1s.2
17.3
14.7
Ig.1
16.3
24.6
m.1
lg.~
1s,9
lge5
20.6
20.3

15.7
16.3
16.7
16.!3
17.4
17.0
19*3
19.6
19.0
E1.g
20.t3
22.7
22.5
19.1
22.4
22*1

o
10

1 10
30
30
30
50
50

z
75
75
100
100
120
120

.

* Averagehardness- 55R~

TABLEVIII- noln.muX,:3L4GMSIUMALIOY

T29.k 14*~
27.7 14.2
29.5 1 .1
2g*7 z1 .5

15.3
%: 16.2
39.1 17.4
39.2 1903

0 z1,5002,300
U2,600

{
5,000
g,400
51,600
46,700
kl,~oo
46,100
42,700

z
,000
,500

&
2,000
,100

53,700
jg,mo
g,500
$7,100
47,900
4g,400

44,600
46,000
44,900
42,300
47,100
45,500
44,000

44,600
35$~o
36,600
35,000
41,700
35,300
36,100
33,700
32,200
32,U00
------
39,~o
yi?,goo
35,300
------
32,200
39,goo
U5,500
&5,Occ’
42,400

12.5
17.6
15.7
17.0
16.3
M.g
:{.;
9

IL2
12.9
----
19.3
M.g
23.4
----
20.1
19.5
25.3
22.3
22.7—.—

20
1
2
3
4
5
6

15
15

M,%
35
35
60 41;700

Q2,40U
QI,500
------
43,200
45,300
45,200
50,mo
y,goo
45,200
4g,4uo
o,goo
z3,600

60
60

“ ;:
90
90, 220
120.
120

y3.4
29.6
41.
w. 2

M3.!3
18.7
22.2
23.5
21.3
Z!l.o
20.3
23.4
19.7
20,1

9~
10 m
11 m
12 m?.09::

3g.6
‘40.g
37.6
40.g

15 DN
16 m150

150
% 150

17 R?T
1$ m

----

40.$
----

lg.~

9rdnevs5/3R-gAverage1
*~. = doubleneok
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Telocit~

(ft/secl

.

.

.

.

b

.

0
0
0
10
10
10
20
20

;:
g

E
~o
50

$

;:
70
70
go
go

g
90
90
100
100
100
120
120
120
150
150

ILACATechnicalNote No. 868

TABLE IX - DOWMETALM, MAGNESIUMALLOY

Yield

:Ib/sqin.)

31,/300
31,goo

i
3,goo
7,400
46,500
.44,900
kg,600
46,200
53,200
“43,000
Zt?,Em
------
------
------
----.-
------
------
—-----
57s9~
59,200
41,700
42,300‘
$X0;

kl:mo
49,600
$s::

2
3 :600
~ ,100
g,ooo
L ,300
32,100

?4
1,200
,200

.---—
55,~

Ultimate

(lh/sqill.)

35,500
33,000
4,500
<7,4m
46,500
44,900
49,600
46,200
55,600
44,200
~s~o

64:000
5995~
55,000
50,900
51,200
45,500
57s900
59,200
41,700
‘42,300
46,goo
44,200
41,100
49,600
.49,300
44,100
50,000
54,100
43,000
W&&

44:900
44,200
4.5,00

?055, 0

Bree.k

:1%/sqin.)

32,500
30,Om
~,om
43,900
41,700
42,300
Q3,600
41,1(X)
50,600
36,600
44,200
~,400
L ,900
40,100
3!3,5cm
30,000
30,700
6,0cn
?9,000
36,OCQ
;;:&

34,mo
37,600
30,400

i
5,3@3
3,000
43,000

?3
7,200-
30:400
26,000
26,000
g,mo
L‘,400
6,500
36,00Q

(ft-lb)
7.40
13.96
lb.14
5.22
6.37
3*g4
7=33
6.05

$:
●

~ 3;
“5
i:55
5.3Q
4.7g

z
.$3
.72

z:%
5.14
5.44
4.23
6.59
6.65
5933
6.95
7*99
6.33
g.;;

5:q
79W
6.99
7.00
5.og
g.g3

Leduc-
tion
of
area
5

:~::

26.9
599
~.tf
5.0
g.g

&
●

---
6.0
6.0
5.0
6.9
10.6
6.9
g.~

::;
9=7
6.9
7a9
6.9
6.9
6.0
5.0
---
g.g
$.g
g.$
9*7
9m7
;.;

$:g
g.g

t3.75~
16.9
16.4
2.6
4.~
2.9
4.7
L7

;:;
-—

2
●5

3:;

2::
3*9
5.6
6.1

;::
4.
79z
b,9
Q.7
3.Q
.Mmo

i:
5.$
6.1
6.9
7.g
4.5
b.u
5.0
5.6

26

pec-
Qau
um-
er

3s
39
40
1
2
3

2“
7

;
10
n
12
1
1z
15
16
U3
19
20
a
22
23
2k
25
26
27
2~ -
29
30
31
32
33
3b
35
37



L

NA.CA TechnicalNote No. 868 27

—.

TABLEX - COPPER

Ultimate

(lb/sqin.:

Break

hb/sqi~~

Energy

(ft-lb:

Reduc-
tion
of
area
$

Spec-
imen
?nuIl-
Imr

El onga-
tion

$

●
Vclocit~

(ft/see)

Yield

(lb/sqin.)

h6,000
50,600

2
5,400
7,700
55,40~
52,200
kg,000
64,go0
62,700
54,Soo
67,200
71,300
69,700
70,700
61,goo
68,700
6g,loo
6s,~oo
739500~

—
19
1
2

0
15
15
15

;;

46,000
50,600
56,600
54,400
y?,ooo
50,900
Sk,400
51,200
52,200
54,700
~ ,~oo
y3,500
52,200
53,aoo
~,u-oo
52,500
52,goo
54,100
54,400

24,700
31,200
38,500
38,200
37,900
32,200
33,100
32,500
32,200
35,300
4s,000

2
39500
1,100
43,900
45,200
47,100
9,goo
2‘7,400
49,300

17.3
27.6
2~.5
213.4
29.2
3c).~
2g.t?
30.2
30.0
32.2
23.3
2~.1
23.5
24.1
24.2
24.6
26.8
25.g
26.1

56.s
62.8
61.5
61.
63.?
E&:

64:6
:2.:

66:4
----
66.4
69.2
6s.0
70.3
;:.;

6a:6

16.2
22.2
20.0
20.3
22.0
2%.2
23.0
27.2
27.3
26.7
23.9
----
22.1
21.8
21.5
i?l.g
21*b
21.2
21.0

2
5
635

60 7

;
10
11
12

$0

;:
90
90
120
120. 120

13
14
15
16
17
M

150
i 150

150
Averagehardness79Ry ..—

“QABLEm - MAEm.?ERYmuss
—.

a.;:: O&

69,400
60,500
63,000
59,200
64,000
71,300
74,500
59,500
64,600
61,MO
62,000
70,400
72,900
;:::::‘

------
------

6b,000
64,000

0

1;
15
15
35
35

i%

743.042.3
54.5
63.4
62.g

55,000
55,000
54,100
44,900

27.7
26.0
Q9.3
37.4
39.2
44.g
47.2
46.0
44.5
44.1
50.1
qo.1
50.4
54.6
52.5
41.5
4s.5
----
.----

17.4
16.4
25.4
23.4

47JO0
4g,000
48,700

2Q*o
27.0
27.5
27.5
27.9

56.4
56.5
55*S
57.t?
56.5
54.5
65.g
56.9
~g.b
60.2

51,gCm
60,S00
57,000
60,go~
50,000
49,700
so,000
5~,200

%$%

$
. 60

60

. ;:
90
120
120
120
150 I
150

Average

27.1
2g.6

9
10 *Dii

31.3
30.7
31.2
34.8

u DN
12 DN
13 m
15 DN

57.!3
58.4
59.5
5s.3

2i3.7
30.2
28.7
26.8

17 DN
20 Ix?
18 DH
19 m/

------ ------
------ ---—.



\
Velocity

(ft/see)

o
25
25
25

;:
50
100
100
100

150
150
150

Yield

(lb/sqin.)

::,~ –

a3:000
92,000
76,500.
70,700
79,@o
gg,100
&x)&

103:000
106,200
107,000

NACA TechnicalNote No. 868

TABLE XII - SILICONBRONZE

28

ultimate

:13/sqin.)

73,000
90,500
a,500
t39,400
go,300
Efo,200
/31,000
779700
g4,200
t33,100
q,300
a,500
g2,100

* Averagehsrdness76RB -
*~ = doubleneok

4

static
10
24
37’
53

E
lwj
155

TABLE XI
90,600
123,Mo
135,200
136,000
143,500
150,000
155,000
160,000
163,000

I- SAE 1

------
------
------
--.----
------
------
------
------

3reak Energy

+

:111/sqin.)(f%-lb)

------ I ----
40,&300
46,100
43,700
40,700
34,100
28,goo
3g,600
------
7g,600
69,000
76,700

53●7
63.4
53.1
5X.9
54.4
60.6
71.3
----
65.
57*2
52.2

3educ-
tion
of .
area
$

79.3
74-.7’
76.5
77.4
77.2
;:.;

77:4
77.2
77.4
7g.2
--—
79*3

Elonga-
tion

Spec-
hllm
num-
%er

$1

IFTr
;:.;

31:3
31.7
32.3
36.3
40.Q
3312
----
26.4

5
6

—.
*DN
m
IN
DN
m

10 DN
11 DN
12” “

12,FREE-CUl?TINGSTI?ELCOLD DRAWN
g4,300 26.3 37.t?10*5
gs,ooo y.

i
40.6 16.0

gl,500
d

48.1 15.2
g6,500 :5 Q7.5 15.2
90,000 53.0 52.4 lg.2
75$o~ 36.3 g.: ;$.;
91,000 47.1
110,000

?.2
7.0 47:5 11:2

llh,000 .8 44.0 13.0
I I I I I I .—

9

,
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TABLEXIV . SAE 1020HOT-ROLLEDSTEEL

(ft/see)

o
0
15
15
15
15

;;
35
60
60
60

&
;:
90

4 120
120
150
150
150

Yield

(lb/sq,in.)

3~,500
3~,500

102,aoo
75,4’00
73,000
p#,500
$$s:;

97:000
64,000
92,200
g2,500
75,goo
93,200
/30,100
g8,500
93,900
126,300
121,200
117,000

Ultimate Break

(lb/sqin.) (lb/sqin.)

67,ow
60,000
95,100
ao,800
gl,200
71,900
76,100
77s900
g8,600
65,300
79,7~
72,900
7~,400
79,000
76,100
76,300
81,500
q ,200
q ,200
77,6.00

47,500
47,500
----.-
-----

z2,000
3,600
48,400
g,;:

43:600
48,200
51,300
33,000
56,600
55,200
64,000
70,400
gl,500
69,400
6g,t300

1

Energy

(ft-lb)

50.2
52.2
----
----
7%2
65.6
443.6
56.4
67.5
41*4
57.6
53.4
;:.:

67:5
60.3
63.7
go.6
5g.t3
57*7

Leduc-
tion
of
erea
$

65.2
65.2
64.7
66.3
64.1
65./3
64.6
:4.;

?
a

~::~

65:6
65.7
;;.;

65:2
66.9
66.3
66.7

*DN= doubleneck

TABLEXV - SA3 1035 STEEZ

Fully Annealed

Static 47,700. 10 g7,500
* 39 g2,800

47 105,500
57 102,300

B 67 107,500
e% 1M3,000
120 I120;000
130 125;000
140 El,000

76,500
959500
99,000
108,00

L105,0

2
10,Ocxl
11,000
112,000
107,000
97,000

63,600 kg.o
69,500 59.9
6g,000 62.1
7Jj,80072.0
7E+,000 62.2
70,000 60.2
,;J:g ;;.;

57;000 79:1
55,000 75.g

I

51.0
52.5
!5397
53*7
53.7
g*~

55:7
56.5
56.7

IGlonga-S-pec-
tion imOIl

n7m-

1‘ior$
1

35.0
33.h
37.2
3997
34.7
36.1
31.3
31.6
$.;
.

35.4
30.2
jj.g
g.;

30:2
30.g
36.9
25.2
29.2

19
~o
1
2
3
15
4

9
10
11
12

*~

DiJ
m
In
m?
m
m
IiM
IN
m
m
Di?
m
DX
QN
D??
m

—

26.5
26.0
26.5
28.0
27.0
25.0
26.9
27.5
30.5
32.0

.
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TABLE XVI . SA,EX4130 STEEL

30

Annealed - 1575” F

Re&c-
tion
of
area
5

Elollga-
tion

$

lpec-
.S!len
wl?l-
Ier

Ultimate

(lb/sqin.)

76,000
gl,goo
91,bo
/34,700
86,goo
87,300
gu,goo
96,700
En,goo
En,loo
g6,500
a,goo
go,500
86,000
gg,soo

?0
79s~
90, 0
gg,?oo

Break Energy
L

(ft/see)(Zb/sqin.)

o
15
15
15
35
35
35
60

56,000
W,goo
g6,000

50,000
70,700
54,400

62.2
62.0
67.2
6g.3

2::
70.6
61.4

71.1
69.6
6g.6
6g.5
69.2
68.S
6g.6
69.2
6g.7
68.1
69ik
----
69.9
70.5
6g.5
TI.g
71.9
71.4

33*9
33.6
30.
31.$
27.g
32.1
32.5
29.0
32.2

% z
----
29.3
27.4
27.g
2g.5
29.6
25.3

g41700
99,900
104,000
102,500
74,500
74,500
70,000

k ;300

?9
1,900
,500

55,700
5~,5&

23:600
46,500
44,90a
44,300
35,~o
56,300
26,900
41,100
137,200

55●k
52.7
60,1
52.5
51.a2
55.4
65.0126,000 15 DN

16 DN103;700
124,600
120,000

59.2
6t?.o
52.3

17 DN
M DIi

Averagehardness45 RA *DN. doubleneck

TABIE XVII - SAE X413O STEEL
Oil-auenched- 1575° I?:temmered- 1000° FA

133,000
133,000

146,000
147,000
146,000
156,000
151,000
160,000
147,000
14g,000
155,000
Mg,ooo
743,000
166,000
152,000
155,000
150,000

L
1 0,000
1 ,000
154,000
1
?
,000

1 3,000

94,00;
93,000
------
E%,800
91,000
95s7~
LVji,ooo
gg,600
q,goo
90,600
74,900
94,200
~7,200
85,000
77S700
77s~~
73;200
79,500
76,00
h75, ~

-
U*9
4!3.5
----
62.g
63.7
60.7
57*1
59.2
53=9
55*9
g.:

55:5
5999
56.E!
62.5
60.1
65.1
65.2
57,2

64.6!14.4 Iu ““-” -c1
o 63.4

63.4
61.6
63.4
g.:

63:$
63.4
6 .4
$6 .6
59*7
64.o
64.6

14.2 26
1
2

15
15
15

17.9
16.9

----—- -

139,000
141,000
163,000
155,000
1 9,000
1L ,000
137,000

17.3
17.5
19●

17.2
lgq3
U3.5
17.9
17.1
17*3

60
. 60

E
. .go

120
120
120

139,000
177,000
162,000
132,500
159,000
164,300

17.
15.$
M.4
17.6
16.4
16.6

65;2
66.4
64.6
63.4
66.9

13
14

142,300
221,000
292,000
170,000

15
16

---- ----
1 I

*~ = doubleneckAveragehardness2g~
.
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Velocity

(ft/see)

;:
120
120
120
150
l~o
150

TABLEXVIII- SAE X413OSTEEL
Oil-quenched- 2575° T; tem~ered- 800° F

Yield

(lb/sqin.)

175,000
175,000
ly3,000
152,000
145,000
192,000
185,000
197,000
201,000
177,000
175,000
194,000
173,000
222,000
210,000
233,000
232,MO
163,700

Ultimate

(13/sqtn.)

186,000
lgg,000
153,000
162,000
153,000
171,000
166,000
157,,000
171,000
159,000
156,000
156,000
155,000
150,000
170,000
162,000
149,000
W3,500

Break

:lb/sqin.)

12g,000
125,000
$5,700
-97,000
91,000
104,300
99,300
8Q,600
log,500
gq,goo
92,600
93,000
!%,500
90,000
log,ooo
62,700
51,600
62,100

Kuergy

:ft-Ib)

41.9
470g
g.;

45:0
k9.5
M*O
41.5
46.5
40./3
40.1
Q9.2
h3.7
;$.;

54:3
48.1
%ol

M!rlc.
tion
of
area
$
52.X
54.
55●z
52.2
267
5395
55.s

i
5 .1
5 ●3
yjmg
----
57.g
52.4
59●7
60.3
57.1
55.Z
—-.

9.9
Io.t+
13.3
12.2
12.4
14.0
z2.6
12.3
13.6
13.6
---y
14.9
12.1”
15.6

{
1 .7
1 .2
22.0

Average’hardness30~

TABLEXIX - SAE X4130STEIIL
Oil-ciuenched- 1575° F: temmered- 600° F

o

g
50
100
100
100. 150
150
150

●

194,000
209,000
200,000
211,000
200,000
lgg,ooo
197,000
206,000
16g,4uo
214,000

21.0,000140,000 50.5
184,000 109,000 53.7
196,000 120,500 9.4
U32,000 119,300 2
291,000 99s300 5::;
179,000 92,600 5$3●

163,000 gg,goo g.2
17$,000 9U,900 y3.o
l%,500 70,400 51.2
187,000 lo~,400 162.7

Averageherdness37%

;pec-
.men
mm-
)er

19
20
1 IIID~
2 DN

2
DN
DN

5 DIJ

! ::
9
10 DH
12 DN
13 DN
14 DN
15 Dl?
16 DN
17 m
lg

54’.510.4 10
56.5 13.g 1 *Ud
57*5 15.0 2 DN
52.2 13.2

z
D~~

57.1 14.5 DN
5g.2 14.5 5 )yi
5&.2 15.1 6 n
57.1 12.0 7 IIN
56.0 12.g g w
59*9 12.7 9 DM

.



Velocity

(ft/see)

35
60

%
90
90
90

120
120
120
l~o
l~o
150

l?ACATechnicalNote No. 868

TABLE XX - SAE 6140 STEEL
Oil-quenched- 1620° F; tempered

Yield

~lb/sqin.)

170,000
166,000
Mg,200
M2,000
lgb,300
Mb,000
227,000
200,300
158,000
196,000
174,000
19~,000
M%,000
139,000
204,000
129,jxoo
127,000
196,300
~6,000
210,300

Ultimate

(lb/sqin.)

Averageherdness35~
*~ = doubleneck

193,coo
187,000
2W,30C
199,000
lgt?,30c
196,~oo
234,000
191,000
199,000
190,000
192,000
191,000
193,000
M%,!300
lW,000
193,000
1t36,000
194,000
lg2,390’
173,000

3reak

(lb/6qiI

152,000
162,COO
146,300
144,200
1 5,300
i1 1,300
163,200
133,000
131,000
12~,000
136,000
135,000
132,000
124,000
115,000
z32,500
120,000
125,000
111,000
10$,~oo

her=

(ft-lb)

53.2
48.g
79.0
72.7
gQ.q
67.0
::.g

65:Q
6g.5
64.g
73a&
73*7
71.5
70.6
;;.;

gL4
7 .0
z7’.5

- 1020° F

Reduc-
tion
of
area
5

V&)

47:7
;;.;

413:g
W?mg
4g.6
50.3
50.3
51.0
U9.6
46.7

B 2
53.0
50.5
53.1
51.o
53*g

11.2
1104
13.$
14.1
15.1
13.7
lQ.3
1 ●3
2I .6
15.9
15*4
1 .0
?1 .g
~4.6
13:7
14.5
14.3
lj.9
1 .g
21 ●5

—
;pcx- —..—
:Iien
lua-
)er

19
20
1
2 -.

15 m
16 DN-“-‘-”—
17 DN
M DN

.

*

--
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TABLE XXI .. STAINLESSSTEI!!L

16 I?ercentCr - 2 PercentNi Temperedat 1200° Y
. .—

velocity

(ft/see)

Static
37
75
107

33

Reduc-7310nga-
Yield Ultimate Break Energy ti.on tion

of
area

(lb/sqin.) (lb/sqin.) (Zb/sqin.) (ft-lb) $ $

99,Oou 126,000 ak,ooo 57.1 6L.5 lg.~
15~,000 158,000 g~,000 70.9 64.0 20.0
166,500 173,000 gq,000 94.3 65.g 21.5
192,000 16g,000 g5,000 g6.4 66.3 23.5

*

TABLEXXII - STAINLESSSTEEL
/

16 Percent Cr - 2 Percent Ni Tempered”at900° F
Statio 204,000 215,000 143,000 110.0 63.5 21.0
33 196,000 176,000 E3g,500 54.9 60.3

4
IQ.6

65.3 267,000 215,000 116,000 f32●1 60.3 16.6
g3.3 225,000 195,000 113,000 72.0 60.3 16.3
105 214,000 170,000 6g,000 66.% 61.2 17.5

.

TABLllXXIII - STAINLESSST!3H3Z
“ 16 Percent Cr - 2 PercentHi Temperedat 700° 1?

Static
33-3
60.5
gl.4
127

194,000 204,000 154,000 73.1 I 53.0 15.0
204,500 197,500 Z%,500 59.2 60.3 14.1
256,000 232,000 100,000 g4.6 ~ 60.3 16.2
a6,000 M5,0W 97,000 :;.H 60.3 16.0
29U,ooo 225,000 127,000

I
. 61.2

I
20.0

1

.

..—

.

,
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NACA TechnicalNote No. 868
●

. TABLE XXIV . STAINLESSSTEEL

18 Percent Chromium- 8 Percent Nickel.

VcAocity.Yield

(ft/see)(lb/sqin.)

o ------
0 ------
15 64,000
15 75a~o
15 79s3~

79,900
;; 68,500
35 ‘ 75,500
35 ~o,ooo

55,~o
:* ;::;:
60
90 69,700

, 90 76,100
120 79s50~
120 t33,400
150 112,500
150 102,goo

Ultimate

(lb/sqin.)

Reduc-
Break Energy tion

of
area

(lb/sqin.) (ft-11) $

g6,goo
g6,$oo

101,200
100,300
107,300
-- —-- -
106,000
10 ,000

i10 ,000
112,050
107,300
111,500
106,000
111,000
in,000
119,Oao
117,000
111,703

g6,800
96,aoo
------
74,200
-----”
------
-----

7$3,300
79$5m
------
73$900
80,900
78,000
80,200
t32,500
83,300
g5,500
80,500

169.574.0
149.3g .;

z
131.0 :;::
-----
----- 63:4
-----62.2
130.0 :J;
136.0
----- 62:gx;::2::
143.0 62.8
150.0 63,4
160.0 63.4
16t3.o :;.;

2
17●o
3.5.0 63:6

Averagehamhessg2RB

*~ = dOUble neck

Elonga-
tion

$

75.0
66.5
50.8
50.6
56.2
56.0
55.4

2
5 .0
5 .0
60.5
56.2
54.8
;;::
58.1
57*5
59.0
55.6

34

.

Spec-
imen

:; -

31
32
1

1z
15 *DN
16 DN
17
M D?i
30 DN
19
20
21
23 DN
25
26 DN
27
2$ D~?
29

.

,



.

.

.

●✎

.

HA(YATechnicalNoteNo.868 Figs.1,2

Figure1.-Rotaryimpacttesterinpit.

Figure2.-Discshowingjawsand

.?-.’.,$:::”=. ._

counter-weight8.
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l?AOATedmicalNoteNo.868

Figure3.-Controlpanelandosoillograph.

Figs.3,4

—

.-

Figure4.-Dynamorneter,amil~~d strikingja~so
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NACATechnicalNoteNo.868

Figure6.-Specimen,
tup,and

extensometerbefore
impact.

Figse5,6,7

Figure5.-Specimen,
dynamom-

eter,andextensom-
eter.

Figure7.-
Solenoidand
triggermech-
inism.

.-



8

NAOATeohnioalNoteNo.868.
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% Figure9.-
El~ctrical
cirouit. “fordynam-
ometer.

Figs.8,9,10

Figure8.-Speoimen,dyna-
mometer,ex-

tensometer,tup(details).
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Figs.11,12

Figure11. - Typicalforce-timediagrams.

0.26311
?A 49.5%

Figure12.-Typicalanalysisof enlarged
force-timediagram.
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I?ACATechnicalNoteNo.868 Figs.13,14.

.
Do no+relieve+hreudsatshoulder:

. A4uchinefhreudsaway from
shouio’er,withtoolupsidedown,ro-
7Wingworkinreversedirection

e 2316” 4
“w
+pi

//2NE.
20 ?’@

p.,,.+ /“k .005” -+$,p’,2’/_~

,Righ+-hand+hreuds+0fitaccompanyingfhreucfgage

4 Figure13.- TensionSpecimens.Scalestwicefullsize.

.

.

p+” ___,..,.. .....+3+-””.” :.-.: “LA-4.”.LLS.A

-,,_-<.,—-..,. .-. = .---- ..*

.—... ------ . .. . ..... . . . ---------

Figure14.- Doubleneckedspecimen.
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NACATechnicalNoteNo.868 Figs.-l5,l6,l7.

40-
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Figure15.:.Stressstrainourves,,aluminum. ..
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Figwre16.-Stressstraincurves,’17STduralumin.
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Figure17.-Stressstraincurves,24STaluminumalloy.
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.

‘tifehng~- h/in.”

Figure 18.- Stressstraincurves,DowmetalJ..-

Figure19.-Stressstraincurves,DowmetalM.

. . .

.-

#ifdongafiaqin/in.

.

Figure20,-Stressstraincurves,DowmetalX.



—.

.

.

.

NACATechnicalRote~o.868,. *
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Figure21.-Stre”sa
stq3incurvi3s9

copper.

1 !c%? I 1

r\ .
d“m:

/ -
* \
< / ‘
c1 I
g# .
\

2
pm
G

/
\

, (

o .04 .& ./2 ./6 a .24 .28
L&ifebngafit2n,in/in.

.

.

.

i60

/40

/20
~
%/00
~
@ 80
\
.
? 60
~
~ 40

20

0 .04 .08 .[2 ./6 .20 .24 .28 .32 .36
Unitelongmhn,“i~in.

Figure23.- Stre
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NACATechnicalNoteNo. 868 Figs.24,25

—.

Lhifefongofion,in./l%.
.

Figure24.- Stressstraincurves,SAE11.12steel,colddrawn.

c..
g
~
g
\
$
g
*

o .04 .08 ./2 ./6 .20 .24 .28 .32 .36 ““
&ife/ortgofiaqin./in.

Figure25.- Stressstraincurves,,hotrolledsteel.
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NACATechnicalNoteNo.868 Figs.26,2$

.
2
a)
& 40
%

20

0 .04. .08 .12 .16 .20 .24 .28 .32 .36
Unitelongation,in/in,

——
— -—

..-

Figure26,- Stressstrain~urves,SAE1035steel,fullyannealed. .-
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.gure27.- Stressstraincurves,SAEX4130,drawn600
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NACATechnicalNoteNo.868 Figs. 28,29’
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40
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Figure28. - Stressstraincurves,SAEX4130,drawn800°F.
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Figtire29.-Stressstraincurves,SAEX4130,drawn1000°F.-. .
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60

40

20
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Figs.30,31

Lhifelongutibn,in/h

Fifyre30.- Stressstraincurves, SAEX4130aqnealed.
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Figure31.- ‘Stressstraincurves,ME 6140,drawh102O*F,
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NACATechnicalNoteNo.868 F@.,32,37
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Figure.
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Figure33.- Stressstraincurves,16-2stainlesssteel,drawn-9000. -...—.—
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NACATechnicalNoteNo.868 Fige.34,35
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Figure34.- Stressstraincurves,16-2stainlesssteel,drawn12000.
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Figure35.- Stressstraincurves,18-8st~inlesssteel.
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Fi[ure36.
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Figure38.-4
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Figure40.
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character-
istics
against
impact
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Figure42.
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Figure44.-Tension
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againstimpact
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.—

.

---

. . --
.

- “i.”——-

—

Figure45.-Tensjon
characteristics
againstimpact –— ,.-J——
velocity.SAE1112

.steel,colddrawn..
.—

..-

.
.—.

.

.

—-
Impac-tvelocity,ft/seo



.

.

.

.

.

.

.

.

.

.

A TechnicalNoteNo.868 . :.....ligs.46,47
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Figure46.- Tension
characteristics- “’ .. .
againstimpact
velocity.Hotrolled
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NACATechnicalNoteNo.868 Figs.52,53.
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